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Abstract
The exclusive production by the photon fusion of magnetic monopoles and the bound states
of magnetic monopoles, the monopolium, is consider in different high energy processes. More
specifically, we calculate the total cross sections of the ultraperipheral elastic collisions of electron-
electron, proton-proton and lead-lead in present and future colliders, comparing with the previous
results found in the literature. Our results indicates that magnetic monopoles or his bound states,
if both exists, can be measuareble in future electron-electron colliders.
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I. INTRODUCTION
With the discover of the Higgs boson[1, 2], the last remaining unobserved particle of Stan-
dard Model (SM) was found. The attention now comes to the seek of signals of particles that
not included in SM. Among of these (several) beyond Standard Model (BSM) new particles
includes the radion [3], a particle related tho Randall-Sundrum scenario of large extra di-
mensions and the dilaton, a BSM particle related which is a pseudo-Nambu-Goldstone boson
in spontaneous breaking of scale symmetry[4] and also signals of extra dimensions [5, 6].
An another predicted BSM particle, the magnetic monopole proposed by Dirac[7] gives a
natural way to explain the quantization of electric charge. The magnetic monopole are also
predicted in Grand Unified Theories (GUT)[8, 9]. Unfortunately, the predicted mass is very
large and, until now the several experimental searches not confirm his existence, only exper-
imental limits on his mass and charge. Recently, the MOEDAL[10], a dedicated experiment
on highly ionizating exotic particles is set on LHC and announces his first results[11, 12].
An revision of the state-of-art of theoretical and experimental status of magnetic monopole
can be found in [13].
In this work, we analyze the production of magnetic monopoles and the bound state,
the monopolium[14], by photon fusion in peripheral hadronic (proton-proton and ion-ion)
collisons in present high energies at LHC and also in electron-positron expected at CLIC
(see [15]). In particular, we consider the central exclusive production: the projectiles does
not dissociate and the particle is produced in the central region of rapidity of the detector,
giving a clean experimental signal of this process.
We compare the our results with the previous ones in pp collisions [16–18] and we present
a prediction for the production of pairs of monopole/antimonopole and monopolium in
Pb− Pb collisions at LHC as well as in electron/positron collisions in the planned CLIC.
This paper are organized as follows. In next session, we present a overview of the theory
of magnetic monopoles with a short review of cross section production of a pair of monopoles
and monopolium. In section III, we present the mechanism of central production in periph-
eral collisions with the central system of particles produced by a pair of high energy photons.
The results of the calculation are showed and discussed in the section IV. Finally, a summary
and the conclusions are presented in the section V.
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II. MAGNETIC MONOPOLES AND MONOPOLIUM
Since the inception of the Classical Electrodynamics, is clear that the Maxwell Equations
are not symmetric in relation of the electric charges. The possibility of existence of isolated
magnetic charges, the magnetic monopoles, have interesting consequences, both in classical
and quantum levels[19, 20]. Probably, the most important is the Dirac quantization charge
relation, which established that, if the magnetic charge exists, then the electric charge is
quantized. The possibility of magnetic monopoles was found in Grand Unified Theories
(GUT)[8, 9]. A review of the state-of-art of magnetic monopoles is found in [13]. See
[21] for a recent review of experimental searches of this particles in colliders and cosmic
rays. Meanwhile, the experimental difficulties for the experimental observation of isolated
magnetic monopoles suggest the existence of a bound state, the monopolium[22, 23].
We revisit the results of production of monopoles in pp collisions at LHC energies[16, 17,
24, 25] and investigate the same process in ion-ion collisons in LHC and electron-electron
collisions at CLIC. The production in nuclear collisions was proposed in [26, 27] in context of
thermal quark-gluon plasma. In this context, in [28] calculate bounds in the monopole mass
from heavy ion collisions and neutron stars. Ginzburg and Schiller[24] previously consider
the monopole pair production in electron-positron collisions for planned colliders and for
photon luminosity of [29].
One of the ingredients of the calculation is the cross section of the process of fusion of
two photons into a monopole/antimonopole pair or a monopolium. Unfortunately, due the
high values of the coupling, a true perturbative calculation for all energies is questionable
and therefore, the results presented here can be seen as an estimation for the cross sections.
The coupling of the monopoles with photons can be quantified by two different forms.
First, from Dirac himself, takes the coupling constant as αmag = g
2/4pi whereas the so-called
beta coupling, consider αmag = (βg)
2/4pi where β is the speed of monopole (in natural
units)[19]. We will use the Dirac expression for our results.
In the case of production of a antimonopole-monopole pair, the cross section can be
obtained from the QED fundamental process of annihilation of a lepton pair into a pair of
photons, changing the relevant physical quantities. In the center of mass frame, reads as
σ(m¯m)γγ =
pig4(1− β2)β4
2m2
[
(3− β4) ln
(
1 + β2
1− β2
)
− 2β(2− β2)
]
. (1)
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For the monopolium production, we use the known result of cross section for the produc-
tion of a massive ressonance,
σ(γγ → M) = 4pi
sˆ
M2Γ(
√
sˆ)ΓM
(sˆ−M2)2 +M2Γ2M
, (2)
where M = 2m+ Ebound is the monopolium mass, ΓM = 10 GeV[23] and
Γ(
√
sˆ) =
8piα2mag
m2
|ψM(0)|2.
with ψM(0) is the value of the wave function in the origin of the bound system of
monopole/antimonopole. In this case, the pair are a bound state and are described as
a massive resonance, characterized by your mass and decay widths.
Related with the above process, an experimental signal of the monopolium production is
the two photon production with the monopolium as a massive ressonance state, γγ →M →
γγ. A possible background for this process is the production of two photons by a loop of
leptons/quarks, which cross section can be estimated by results from the Standard Model.
The values of ψ(0) and Ebound are obtained for the solution of the radial Schro¨dinger
equation for the Coulomb like potential[23]
V (r) ≃ − g
2
4pi
1
r
. (3)
We use the solutions for this potential for the energy eigenvalues,
En = −
(
1
8αelm
)2
m
n2
(4)
and the value of wave eigenfunctions in the origin,
ψn00 =
1√
pi
(
m
8αelmn
)3/2
. (5)
The condition of bound state, 0 ≤ 2m+En ≤ 2m, imposes a condition on allowed values of
n. With the above eigenvalues, only values n ≥ 13 are possible and we will use n = 13.
Recently, [30] proposed a monopolium model with finite size based on the ’t Hooft-
Polyakov solution and U(1) lattice gauge theory which result on a binding potential with
a linear term, similar to the Cornell potential of the quarkonium states in QCD[31]. A
similar approach was also proposed in [32]. In a future work, we will consider the numerical
solutions for the eigenstates of monopolium for this class of confining potentials.
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III. FORMALISM OF PERIPHERAL COLLISIONS
The process of central production of particles[33, 34] has attracted much attention in
the recent years, specially with the start of the LHC operation and besides the dedicated
experiments to his observation[35]. Beyond the Higgs boson, several other particles can be
produced, some in a expressive ratio, inside this mechanism.
The process can be described[33, 34, 36] as the collision of two hadrons (or leptons) which
interact themselves by the gauge boson exchange (see Fig. 1). In exclusive channels, the
projectiles remain intact after the interaction and the gauge bosons combine, generating a
massive resonance with the same quantum numbers of the vacuum, resulting in rapidity
gaps in the detector.
FIG. 1: Production of monopole/antimonopole pair (left) and monopolium (right). The straight
lines are the projectiles, the wavy lines, photons and the dotted lines, monopoles or monopolium.
This mechanism presents some advantages, as, for example, a very clean experimental
signature, a improved mass resolution and a suppressed background. For another side, there
exist disadvantages: the theory is not free of divergences, the measure of cross sections is
hard-working, requiring detectors installed away of the interaction point[37] and the exper-
imental signal is low.
Our focus is at photon processes in peripheral collisions[38–40]. This process is described
using the photon equivalent approximation. In this picture, a electric charged particle with
high energy have the electromagnetic fields concentrated in his transverse region and can
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be substituted by a equivalent photon flux. This photons interact to produce the massive
resonance. In peripheral collisions, the impact parameter is great than the sum of radius
of the particles, avoid frontal collisions and thus high particle multiplicities produced in the
interaction.
Using the most simple model [41] for a estimation for total cross sections in all the cases:
electron-electron, proton-proton and ion-ion collisions,
σtot =
∫ 1
M
2
γγ/sNN
dx1fA(x1)
∫ 1
M
2
γγ/x1sNN
dx2fB(x2)σγγ(sˆ) (6)
where Mγγ is the mass of the central produced system, sNN is the center-of-mass energy of
the projectiles, xi is the fraction of the energy of the photon i, sˆ = x1x2sNN and f(x) is
the photon energy spectrum produced by a charged particle. The Weizsacker/Williams[42]
expression for photon spectrum (used for ion collisions) is
fWW(x) =
αelmZ
2
pi
1
x
[
2Y K0(Y )K1(Y )− Y 2
(
K21 (Y )−K20 (Y )
)]
, (7)
with Y = xMAbmin where αelm is the fine structure caonstant, Z is the atomic number of
the projectile, MA is the mass of projectiles, bmin is the minimum impact parameter and
Ki is the modified Bessel functions. For proton collisions, we use the Dress and Zeppenfeld
photon spectrum[43] given by
fDZ(x) =
αelmZ
2
2pix
[
1 + (1− x)2]
[
lnA− 11
6
+
3
A
− 3
2A2
+
1
3A3
]
(8)
where
A = 1 +
0.71 GeV2
Q2min
, Q2min ≃
m2px
2
1− x.
For the electron case, we use the expression of Frixione[44],
fe(x) =
αelm
2pi
{
2m2ex
[
1
q2max
− 1
q2min
]
+
1 + (1− x)2
x
log
(
q2min
q2max
)}
(9)
where
q2max = −
m2ex
2
1− x, q
2
min = −
m2ex
2
1− x −E
2(1− x)θ2c
with me is the electron mass and E is the energy beam and θc = 30 mrad.
Same question are address in this process: the rise of the photon flux with atomic number
of projectiles (Z4); the low luminosity in ion-ion collisions; the Coulomb dissociation and
excited states of projectiles [45, 46] (not consider here) and the nuclear charge form factor
which modifies the photon flux and the overlap of hadron tails in the collision.
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IV. RESULTS
We calculate the cross section as a function of the mass of central system at fixed center-
of-mass energies corresponding to different colliders. First, we present in the Fig. (2)
the results of lead-lead collisions at LHC energy (
√
s = 5.5 GeV) for the production of
monopole/antimonopole pairs and monopolium. As expected, the cross section decreases
with the raise of the mass and the values are very low, although the enhancement in atomic
number (Z4) in the photon luminosity of the projectiles. As the massive central system
requires a great amount of energy, there are very few energetic photons produced by a ionic
projectile, diminish the cross section.
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FIG. 2: Total cross section for the production of monopole-antimonopole (left) and monopolium
(right) in lead-lead collisions at LHC energies as function of the mass of monopole/monopolium.
Next, we calculate the same quantity for proton-proton collisions in the LHC energy
(
√
s = 14.0 GeV) and displayed the results in the Fig. (3). The above general features of
the result are the same as in lead-lead collision case, except that the cross section in this
case are greater than the previous one. Comparing different produced particles scenarios,
the monopolium have a cross section three orders of magnitude smaller. For comparison
with the previous results[16–18], the present one for both cases are agree with the previous
results found in the literature.
At last, we present the results of cross section for the production of monopoles and mo-
nopolium at electron-positron collisions at future CLIC energies[15]. Again, in comparison
with the results from hadron projectiles, we obtain a same behavior as a function of the
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FIG. 3: Total cross section for the production of monopole-antimonopole (left) and mo-
nopolium (right) in proton-proton collisions at LHC energies as function of the mass of
monopole/monopolium.
central produced system but with a significant larger cross section. As in previous cases,
due the large mass of monopolium, his cross is smaller than the monopole/antimonopole
case.
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FIG. 4: Total cross section for the production of monopole-antimonopole (left) and monopo-
lium (right) in electron-electron collisions at planned CLIC energies as function of the mass of
monopole/monopolium.
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V. SUMMARY AND CONCLUSIONS
In this work, we consider the central exclusive production of (Dirac) magnetic monopoles
and the bound state of a monopole and antimonopole, the monopolium, for hadronic and
eletronic collissions at LHC and (planned) CLIC energies. We present a prediction for the
cross sections for lead-lead collisions and electron-electron collisions and, for the proton case,
a comparison with the previous results.
In the treatment of the production of magnetic monopoles exist several drawbacks. One
of them is the strong coupling with photons, which not justificate a perturbative calculation.
Another problem is absence of direct experimental observation of magnetic monopoles. In
the literature, only estimatives of mass and charge can be found. Other disadvantage is the
large mass of the central state, already delimitaded by the experimental results avaliable.
In present formalism, the production of this central states are disfavored due the very small
number of equivalent photons with required energy to produce this particles. In the lead
case, we have a large radii and, as we interessed in exclusive processes, the number of photons
rise quickly, nullyfing the gain in atomic number Z in comparisson with proton collisions
and also have a low luminosity in the collider.
However, besides the above issues, the results are promissing in the case of electronic
and proton collisions. In particular, the productiion in a electron-electron collider will be
measurable in a significative rate of events, basead in the planned luminosity of the CLIC
collider and the above results for the cross section in this case, for a large gap of monopole
mass values and even in the case of exclusive production, which have a small cross section.
Comparing the proton and electron processes, the first one could include inclusive and
inelastic processes, that rises the total cross section, while the electron collisions only have
the process consider in this work, which gives a very clean experimental signal.
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